The gram-positive bacterium Streptococcus pyogenes, or group A streptococcus (GAS), is an important human pathogen. Most streptococcal infections (e.g., pharyngitis, impetigo) are relatively mild and readily treated with antibiotics. However, GAS cause a variety of severe and invasive diseases as well (12) . For example, rheumatic fever, a poststreptococcal sequela, is endemic in the third world, where it is a major cause of cardiovascular disease and mortality in persons under 50 years of age (36) . Also, since the mid-1980s, Western countries have reported significant increases in severe GAS infections (e.g., sepsis, necrotizing fasciitis, streptococcal toxic shock syndrome) with high mortality rates (7, 17, 35) .
GAS express an array of cell surface molecules that contribute to pathogenesis. Among the best studied of these are the M proteins (20) . M proteins are multifunctional proteins that contribute to GAS pathogenesis in a number of ways, including by adherence to host tissues, intracellular invasion, and autoaggregation of bacterial cells. Perhaps the most important function of M protein, however, is to confer bacterial resistance to phagocytosis. It has been proposed that the resistance of GAS to killing by professional phagocytes is, at least in part, attributable to the binding of human regulators of complement activation (RCAs) by M and M-like proteins (21, 23, 28, 30) .
Horstmann et al. (23) first described the role of RCAs in GAS resistance to phagocytosis. They demonstrated that M6 protein is capable of binding an RCA, factor H (FH), and that FH binding resulted in decreased deposition of C3b on streptococci. A second RCA, FH-like protein 1 (FHL-1), has been found to bind the hypervariable region of M6 protein (28) . Type 5 M protein binds both FH and FHL-1 as well (28, 32) , but many GAS isolates bind neither RCA (39) . FH and FHL-1 are encoded by the same gene. Expression of the two proteins results from the regulation of transcript elongation and processing (22, 37, 52) . FH is a 150-kDa protein comprised of 20 repeat elements known as short consensus repeats (SCRs). Each SCR constitutes an independently folded domain of approximately 60 amino acid residues. FHL-1 is a 42-kDa protein comprised of seven SCRs that are identical, with the exception of 4 amino acids at the C terminus, to SCR1 through SCR7 of FH. FH and FHL-1 each regulate complement activity by at least three mechanisms. First, the regulatory proteins can bind the opsonin C3b, thereby blocking the interaction of C3b with complement factor B and with C3b receptors on phagocytes. Secondly, the RCAs function as cofactors in the factor I-mediated cleavage of C3b. C3b cleavage blocks formation of the C3 convertase C3bBb, thereby blocking the amplification mechanism of the alternative complement pathway. Thirdly, both RCAs promote the decay acceleration of C3bBb (22, 25, 38) . The predicted effect of GAS binding of RCAs is a reduction in the amount of C3b deposited on bacterial cells with a concomitant decrease in ingestion and killing of bacteria by phagocytes.
Although the model outlined above is consistent with many observations, it does not fully account for the antiphagocytic activity of all M proteins. For example, many GAS strains appear not to bind RCAs (39) and phagocytosis resistance for some serotypes is dependent on fibrinogen binding (13, 24) . Furthermore, recent work by Kotarsky et al. (32) suggests that RCA binding plays a limited role in GAS phagocytosis resistance. These authors identified and deleted the region of M5 protein necessary for binding of FH and FHL-1. Although the M5 variants they constructed no longer bound RCAs, the bacteria remained resistant to phagocytosis, leading the authors to propose that RCA binding may play a more important role in GAS adherence to host tissues than in phagocytosis resistance.
The latter proposal is supported by recent reports demonstrating that FH and FHL-1 can serve as adhesive molecules (15, 22, 52) . SCR7 of FH and FHL-1 contains a glycosaminoglycan-binding site, and FH can function as a bridging molecule to facilitate the binding of human polymorphonuclear monocytes (PMNs) to heparin and chondroitin (15) . SCR4 contains an RGD motif that is recognized by members of the integrin family of cellular receptors (26) . Integrins on fibroblasts, epithelial cells, and melanoma cells can all bind to FHL-1, whereas FH is recognized by integrin CD11b/CD18 on PMNs (15, 22) .
During the course of our studies of serotype M1 GAS, we found that an M1 mutant bound FH as well as a wild-type (M1 ϩ ) strain did. In order to identify the factor responsible for FH binding, we searched the M1 GAS genome database (19) for potential FH-binding proteins. This search resulted in the identification of a hypothetical gene, Spy2009, predicted to encode a 40.4-kDa cell wall-anchored protein that had sequence similarity with the FH-binding proteins of other streptococci (14, 27) . Here, we report that the gene product of Spy2009 mediates the binding of FH and FHL-1. Moreover, expression of Spy2009 contributes to phagocytosis resistance by GAS. During the course of this work, Terao et al. (48) reported that Spy2009 encodes a fibronectin-binding protein, denominated Fba, which promotes GAS adherence and intracellular invasion.
MATERIALS AND METHODS
Bacterial strains and culture media. The bacterial strains used in this study are listed in Table 1 . Streptococci were grown in Todd-Hewitt broth supplemented with 1% yeast extract (THY; Difco Laboratories, Detroit, Mich.). Solid media for streptococci were Todd-Hewitt or sheep blood agar. Escherichia coli was grown in Luria-Bertani broth. The solid medium contained 1.5% agar. Antibiotics were used at the following concentrations: 100 g of spectinomycin/ml for GAS and E. coli, 1 and 350 g of erythromycin/ml for GAS and E. coli, respectively, and 100 g of ampicillin/ml for E. coli.
DNA techniques. Isolations of plasmid DNA from E. coli and genomic DNA from GAS were performed using reagents purchased from Promega Corp., Madison, Wis. DNA sequencing was performed by the Kansas University Medical Center Biotechnology Support Facility. PCR was performed by following standard procedures (46) . Plasmid transformations of GAS were performed as described by Caparon and Scott (4) .
Cloning and inactivation of Spy2009/orfX/fba. The fba gene (GenBank accession number AB040536) was amplified via PCR from genomic DNA isolated from GAS strain 90-226. The oligonucleotide primer sequences used were ATA TGGATCCTTTTTGATGAGGCAGCACATC and TTAAGGATCCAGGAGG ACAATATGCGTAGAGC (boldface letters indicate BamHI restriction sites). The 1,265-bp product of the reaction was digested with BamHI, purified from agarose, ligated with BamHI-digested pSportI, and used for transformation of E. coli (Fig. 1) . The cloned gene was sequenced and determined to be identical to fba of GAS strain SSI-9 (48). Plasmid pFW5⌬fba was constructed by subcloning the 730-bp HindIII-to-BglII fragment of fba into HindIII-and BglII-digested pFW5 (42) . pFW5 encodes spectinomycin resistance and does not replicate in GAS. The fba gene in GAS strains 90-226 and 90-226 emm1::Km was inactivated by transformation with pFW5⌬fba. Genomic DNA was isolated from the resulting transformants and subjected to Southern and PCR analyses to confirm insertion of the plasmid into fba. For Southern analysis, PCR-amplified fba was labeled with digoxigenin-dUTP by using reagents purchased from Roche Diagnostics, Mannheim, Germany. Genomic DNAs isolated from GAS were digested separately with HindIII and Bsu36I, electrophoresed through 0.8% agarose, transferred to a nylon membrane, and hybridized with the digoxigenin-labeled probe.
Proteins, antibodies, and sera. Human FH was obtained from Quidel Corp., Santa Clara, Calif., and from Calbiochem, La Jolla, Calif. Goat anti-human FH and anti-human C3d monoclonal antibody were purchased from Quidel Corp. Donkey anti-goat immunoglobulin G (IgG) labeled with alkaline phosphatase was from Chemicon International, Temucula, Calif. Mouse anti-rabbit IgG conjugated with alkaline phosphatase was obtained from Sigma-Aldrich, St. Louis, Mo. Rabbit anti-Fba serum was generously provided by Schigetada Kawabata (48) . Human plasma and blood were obtained from healthy adult volunteers in accordance with a protocol approved by the Kansas University Medical Center Human Subjects Institutional Review Board. Human serum was purchased from BioWhittaker, Walkersville, Md. Protein mass standards were purchased from Bio-Rad Laboratories, Hercules, Calif.
Plasma adsorption experiments. Plasma adsorption experiments were performed essentially as described previously (27) . GAS strains were grown to an optical density at 560 nm (OD 560 ) of 0.5. Bacteria were isolated by centrifugation, washed twice with phosphate-buffered saline (PBS) containing 0.05% Tween 20 (PBST), and then suspended in PBST to approximately 10 10 CFU/ml. One-hundred-microliter portions of the cell suspensions were mixed with 100 l of human plasma and incubated with gentle rocking at room temperature for 1 h. The mixtures were then centrifuged for 10 min at 2,000 ϫ g at room temperature. The resulting pellets were washed five times with 500 l of PBST containing 20 M E64 and 1 mM phenylmethylsulfonyl fluoride (PMSF; Sigma-Aldrich). The cell pellets were then suspended in 100 l of 0.1 M glycine, pH 2.0, and incubated at room temperature for 10 min. The bacteria were pelleted via centrifugation, and the resulting supernatants were transferred to new tubes. The supernatants were neutralized with NaOH and subjected to sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). Gels were either stained with Coomassie blue or transferred to nitrocellulose membranes. To detect FH, nitrocellulose membranes were successively incubated with TBST (20 mM Tris [pH 7.5], 0.5 M NaCl, 0.05% Tween 20) containing 0.5% gelatin, TBST containing 0.5% gelatin and FH antiserum, and donkey anti-goat IgG conjugated with alkaline phosphatase. Blots were developed with nitroblue tetrazolium chloride and 5-bromo-4-chloro-3-indolylphosphate (XP) p-toluidine (Invitrogen, Carlbad, Calif.).
Binding of FH by GAS and enzyme-linked immunosorbent assay with Fba antiserum. Binding of FH to immobilized GAS was performed, with modifications, as previously described (10, 11) . Unless stated otherwise, bacteria were harvested from log-phase (OD 560 of approximately 0.5) cultures grown in THY. Bacterial cells were harvested by centrifugation, washed once with PBS, and Tween 20) for 60 min at 37°C. Except where stated otherwise, 100 l of wash buffer containing 10 g of purified FH/ml was then added to the wells and the plates were incubated for 2 h at room temperature. As controls, buffer only was added to wells coated with each bacterial strain. After washing to remove unbound FH, 100 l of wash buffer containing FH antibody was added to the wells and the plates were incubated for 60 min at 37°C. After removing unbound antibody, wash buffer containing an alkaline phosphatase-labeled secondary antibody was added and the incubation was repeated. Finally, wells were washed and 200 l of 0.1 M glycine (pH 10. (40) and then suspended in a 1/4 volume of TES containing 1 mg of lysozyme/ml, 500 U of mutanolysin/ml, 100 g of RNase A/ml, 25 M E64, and 1 mM PMSF. The suspensions were incubated at 37°C for 30 min and were then centrifuged at 2,500 ϫ g for 10 min at 4°C. Trichloroacetic acid was added to the resulting supernatants to a final concentration of 16% (vol/vol), and the mixtures were incubated on ice for 20 min. The mixtures were then centrifuged at 11,500 ϫ g for 10 min at 4°C. The pellets were washed with acetone and suspended in 50 mM NaOH. The preparations were fractionated by SDS-PAGE and either stained with Coomassie blue or transferred to nitrocellulose membranes. To detect Fba, the membranes were blocked with TBST containing 0.5% gelatin and then incubated with Fba antiserum and a labeled secondary antibody. To detect FH binding, membranes were successively incubated with TBST containing 3% bovine serum albumin (BSA), TBST containing 3% BSA and 10 g of FH/ml, FH antiserum, and a labeled secondary antibody.
Peptide sequencing. N-terminal sequencing of FHL-1 blotted onto polyvinylidene difluoride membrane (Bio-Rad) was performed by Midwest Analytical Inc. (St. Louis, Mo.).
Measurement of C3 deposition on streptococci. Streptococci were harvested from log-phase cultures by centrifugation. The cell pellets were washed with 1 volume of veronal-buffered saline (VBS; Sigma-Aldrich), pH 7.4, and then suspended to an OD 560 of 1.0 in VBS containing 10 mM EGTA and 5 mM MgCl 2 . One milliliter of each bacterial suspension was then mixed with 1 ml of human serum, and the mixtures were incubated at room temperature for 30 min with gentle rocking. The bacteria were then harvested by centrifugation at 4,000 ϫ g for 10 min. The resulting pellets were washed three times with VBS containing 10 mM EDTA, 20 M E64, and 1 mM PMSF and finally suspended in 50 mM carbonate buffer, pH 9.6. The bacterial suspensions were then diluted in carbonate buffer to OD 560 s of 0.1, 0.05, and 0.025. One hundred microliters of each dilution was then applied to wells of microtiter plates in quadruplicate. As a control, some wells were mock coated with carbonate buffer. Bacteria were absorbed to the plates by overnight incubation at 5°C. The plates were then washed and blocked as described above. C3 deposition was detected using an anti-human C3d monoclonal antibody that recognizes all forms of C3. For each individual strain, absorbance values (typically Ͻ0.1) from wells not incubated with the primary antibody were subtracted as background. For each experiment, the mean absorbance values for strain 90-226 (M1 ϩ Fba ϩ ) were assigned a value of 1. Values for the mutant strains are expressed relative to that for strain 90-226. Data are from three independent experiments performed with the same serum. Additional experiments were performed with pooled human plasma samples that yielded similar results.
Bactericidal assays. The ability of GAS to survive in human blood was measured as previously described (16) . Briefly, log-phase cultures of streptococci were diluted in PBS and 100 l (10 2 CFU) of each bacterial suspension was added to 1.25 ml of heparinized blood and to 1.25 ml of plasma derived from the same blood sample. A portion of each culture was plated in sheep blood agar to determine the input CFU. Tubes were incubated at 37°C with gentle rocking for 3 h. Portions of each culture were again plated to determine the number of surviving CFU. Plates were incubated overnight at 37°C before the counting of colonies. The growth index of each strain was calculated by dividing the number of surviving CFU by the number of input CFU. For each experiment, the growth index for strain 90-226 (M1 ϩ Fba ϩ ) was assigned a value of 1. Growth indices for the mutant strains are expressed relative to that of strain 90-226. The growth indices for strain 90-226 ranged from 46 to 139 in blood and 84 to 160 in plasma. Statistical significance of the data was determined by Student's t test by using Microsoft Excel 2000 software. P values of Ͻ0.05 were considered significant.
RESULTS
Generation and characterization of fba mutants. FH binding experiments were performed with GAS strain 90-226 and an isogenic M1
Ϫ mutant derivative, 90-266 emm1::Km (Fig. 2) (9,  16) . It was found that both GAS strains readily bound FH, indicating that a factor other than M1 protein mediated binding. Therefore, the genome sequence of the serotype M1 strain SF370 (19) was searched for genes that encoded a protein with similarity to previously characterized FH-binding proteins (14, 27) . The best candidate gene was Spy2009. Spy2009 encoded a hypothetical 40.4-kDa protein with an N-terminal signal sequence and a C-terminal cell wall-anchoring motif. An allelic variant of Spy2009, designated orfX, was previously described by Podbielski et al. (41) . Since the initiation of this study, Terao et al. (48) reported that Spy2009 encodes a fibronectinbinding protein that they designated Fba. The latter designation will be used throughout the remainder of this report.
The fba gene from strain 90-226 was cloned and sequenced and determined to be identical to fba of GAS strain SS-9 described by Terao et al. (48) . The fba gene in strains 90-226 and SS-9 (48) is 72 bp shorter than the strain SF370 gene and is predicted to encode a 37.8-kDa protein. To inactivate fba, a 730-bp internal fragment of the gene was cloned into the suicide vector pFW5 (Fig. 1) . The resulting plasmid was introduced into strains 90-226 and 90-226 emm1::Km. Genomic DNA was isolated from the transformants and the parental strain and used in PCR and Southern analyses to verify the genomic structure of the mutants.
FH binding experiments were then performed. The results, shown in Fig. 2 , indicated that there was no appreciable binding of FH by the fba mutants. To verify that the loss of FH binding activity was due to the inactivation of fba and not due to an effect of the plasmid insertion on downstream genes, pYT1143 was introduced into the fba mutant strains. Plasmid pYT1143 carries the intact fba gene under the control of the GAS recA promoter (48) . PYT1143 completely restored FH binding by the Fba Ϫ strains (Fig. 2) . Cell surface proteins were extracted from the Fba ϩ and Fba Ϫ strains and subjected to Western analysis using Fba antiserum (Fig. 3) . The results revealed that the Fba ϩ strains expressed a protein with an apparent molecular mass of 58 kDa. The 58-kDa protein was not expressed by the Fba Ϫ mutants. The predicted mass of the cell surface form of Fba (33.8 kDa) is considerably lower than 58 kDa. Terao et al. (48) reported, however, that Fba migrates anomalously on SDS-PAGE gels. This is probably due to the high proline content of the protein. To confirm that the 58-kDa band represented Fba, cell surface proteins were transferred to nitrocellulose membranes and the membranes were successively incubated with FH, FH antiserum, and a labeled secondary antibody (Fig. 3C) . As controls, some membranes were incubated with only the primary and secondary antibodies to verify that the antibodies Adsorption of FH and FHL-1 from human plasma. It was next determined whether GAS could bind the FH present in human plasma. Bacteria were incubated with plasma and washed extensively, and the bound proteins were eluted and subjected to Western analyses with FH antiserum (Fig. 4) . No FH was recovered from the incubation of the fba mutants with plasma. Conversely, both Fba ϩ strains bound FH as well as a second, approximately 49-kDa, protein. The size of the latter protein and its reactivity with FH antiserum suggested it was FHL-1. Amino-terminal sequencing of the 49-kDa protein was performed. The sequence XDCNELPPRRN was obtained, indicating that the protein was either FH or FHL-1 (18, 47) . It seemed possible that the 49-kDa band could have been derived from the proteolytic cleavage of FH. To test this possibility, plasma adsorption experiments were performed in the presence of various protease inhibitors (Fig. 4B) . The addition of inhibitors had no effect on the pattern of eluted proteins. These results support the conclusion that the 49-kDa protein was FHL-1.
The wild-type strain was found to preferentially bind FHL-1, whereas the M1 Ϫ Fba ϩ strain appeared to bind FH and FHL-1 equally well. As binding of either plasma protein was dependent on Fba expression, these results suggested that M1 protein influenced the binding specificity of Fba. Experiments like those shown in Fig. 4 were performed with plasma or serum from four different sources. Similar results were obtained from all experiments. Therefore, binding of FHL-1 is reflective of the ligand specificity of the Fba expressed by the wild-type organism.
Survival of streptococci in human blood and plasma. To determine if Fba contributes to phagocytosis resistance, we compared survival of the wild-type and Fba Ϫ strains in human blood and plasma. As anticipated, the wild-type strain survived and multiplied in blood whereas the M1 Ϫ strains did not (Fig.  5A) 5B ). There was no significant impact of the Fba mutations on bacterial survival in human plasma.
Measurements of C3 deposition on streptococci. RCA binding could decrease the susceptibility of GAS to phagocytosis by limiting the amount of C3b deposited onto bacterial cells. To   FIG. 1 . Construction of fba mutants. The fba gene was amplified via PCR with genomic DNA isolated from GAS strain 90-226 as the template. The oligonucleotide primers were designed to create BamHI restriction sites at the ends of the amplified fragment. The amplicon was digested with BamHI, gel purified, and ligated to BamHI-digested pSportI to create the plasmid pSport-fba. A 730-bp HindIII-to-BglII fragment containing an internal fragment of fba was then subcloned into the suicide vector pFW5 (42) . pFW5 carries the aad9 (spectinomycin resistance) gene and does not replicate in GAS. Plasmid pFW5⌬fba was introduced into GAS strains 90-226 and 90-226 emm1::Km by electroporation. Southern blot and PCR analyses were performed to verify integration of pFW5⌬fba into the chromosomal fba gene. determine whether M1 protein and/or Fba affected C3 deposition, GAS were incubated with human serum, washed, and immobilized in microtiter plates. C3 deposition was determined with a monoclonal antibody that reacts with all forms of C3 (Fig. 6 ). Approximately four times more C3 was deposited on M1 Ϫ streptococci than on the wild-type strain. In contrast, the fba mutation did not affect C3 deposition. Moreover, C3 deposition was equivalent for the M1 Ϫ Fba ϩ and M1 Ϫ Fba Ϫ strains. Thus, fba in single copy had no significant impact on C3 deposition in these assays. However, the presence of multiple copies of fba significantly reduced C3 deposition on M1 Ϫ Fba Ϫ streptococci (Fig. 6) . No C3 deposition was detected when bacteria were incubated with heat-inactivated serum.
FIG. 2. Inactivation of fba
Evidence that the cell surface activity of Fba is regulated by proteolysis. Our early attempts to assay FH binding by streptococci yielded inconsistent results, especially with regard to strain 90-226, which frequently failed to bind FH. It was suspected that the inconsistencies might have been due to the use of early, stationary-phase cultures in the experiments. Therefore, the assay procedure was modified to use bacterial cells harvested in exponential phase. This change resulted in ob- 
GAS.
To confirm that FH binding activity was lost in stationary phase, we compared the binding by mid-log and late-stationary phase (i.e., 14 h) cultures. FH binding was greatly reduced for stationary-phase cells (Fig. 7A) . SpeB is an extracellular cysteine protease of GAS that reportedly can cleave proteins from the cell surface (2, 5, 43) . To determine if SpeB might be involved in the loss of FH binding activity, FH binding and reactivity with Fba antiserum were compared for bacteria grown to stationary phase in the presence or absence of the cysteine protease inhibitor E64. Growth of GAS in the presence of E64 resulted in the retention of FH binding activity in stationary-phase cultures (Fig. 7B) . Accordingly, GAS grown in the presence of E64 reacted strongly with Fba antiserum whereas cells grown without the inhibitor reacted weakly (Fig.  7C) .
Western analyses of cell surface proteins extracted from stationary-phase cultures were also performed. No Fba was detected in extracts from any strain grown in the absence of E64 (Fig. 3B) . Fba was detectable, however, in proteins extracted from the Fba ϩ strains cultured with E64 (Fig. 3A) . These results are consistent with the proteolytic removal of Fba from the cell surface in stationary-phase cultures.
DISCUSSION
Opsonization of pathogenic bacteria by complement proteins or antibodies represents a major component of the immune response. GAS have evolved a number of mechanisms to limit opsonization and avoid ingestion and killing by phagocytes. The hyaluronic acid capsule of GAS can serve as a physical barrier to the interaction of phagocytes with bacterialbound opsonins (13) . M and M-like proteins can bind the Fc regions of immunoglobulins, thereby inhibiting activation of the classical complement pathway (3). M protein binding of the plasma protein fibrinogen can also inhibit complement activation and may alter the interaction between GAS and phagocytes (13, 45) . The streptococcal C5a peptidase can inactivate C5a, a chemoattractant for neutrophils (51) . The recently described Mac protein can inhibit phagocytosis and killing of GAS by binding to CD16 on PMNs (33) .
Bacterial binding of RCAs has also been proposed as a mechanism for GAS evasion of the innate immune response. In this study, M1 protein was found to influence the ligand binding specificity of Fba. In plasma adsorption experiments, the M1 Ϫ Fba ϩ strain bound FH as well as FHL-1. The wildtype strain also bound both proteins, though it preferentially bound FHL-1. The preferential binding of FHL-1 by M1 ϩ Fba ϩ streptococci is especially intriguing, as the concentration of FH in human blood is 10 to 40 times higher than that of FHL-1 (22, 52) . The mechanism whereby M1 affects ligand binding by Fba is at present unknown. An obvious possibility is that M1 and Fba physically interact when coexpressed on the cell surface. M1 protein does bind a number of human plasma proteins, including fibrinogen, albumin, IgG, and fibronectin (1, 9, 11) . It is possible that binding of one or more of these factors influences the binding specificity of Fba. Because FHL-1 can function as an adhesion molecule for a variety of human cells (22, 52) , the preferential binding of FHL-1 by M1 GAS could be highly significant with regard to streptococcalhost interactions.
Data presented here also show that Fba is removed from the surface of streptococci in stationary phase. Cells harvested from exponential-phase cultures reproducibly bound FH, (41, 48) . Mgaregulated genes, which include emm1, sic, and scpA, as well as fba, are transcribed in exponential phase and shut off in stationary phase (34) . Our results are consistent with Fba being expressed on the cell surface in log phase and removal of the protein in stationary phase. The fact that E64 can stabilize Fba expression suggests involvement of the cysteine protease SpeB in the stationary-phase removal of Fba. The speB gene is present in all strains of GAS, and SpeB is produced in stationary phase (6) . The addition of exogenous SpeB to GAS cultures can result in cleavage of biological active proteins from the cell surface (2, 43) . Endogenous SpeB can also alter the interaction between GAS and host cells (5, 43, 44, 50) . The latter phenomenon is due, at least in part, to SpeB-mediate cleavage of fibronectin-binding protein(s) (5). Although our results are consistent with the direct involvement of SpeB in the removal of Fba, it would be premature to draw this conclusion. Collin and Olsen (8) reported that SpeB is an inactive zymogen in cultures of strain 90-226 emm1::Km, the M1 Ϫ Fba ϩ strain used in this study. Thus, it is possible that E64 inhibits the activity of another streptococcal protease or that E64 has effects on the physiology of GAS other than protease inhibition.
It has been proposed that the proteolytic cleavage of bacterial cell surface proteins could promote dissemination of bacteria under conditions of high population density and nutrient limitation. Furthermore, proteins released from the cell surface could interact with host cells and macromolecules, thereby affecting the interaction between pathogen and host (2, 5, 44) . It remains to be determined whether removal of Fba from the cell surface releases a biologically active protein into the environment. This matter, and the mechanism of Fba removal from the cell surface, warrants further investigation.
